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1. Model 
In the previous paper') one method was proposed which organizes a perturbation series 
according to a collective effect in a field theory. It is certainly important to develop a new 
approach because there are many problems which can not be solved by the standard 
method. The proposed approach opens a way for non-perturbative effects. When the field is 
integrated out in the path integral representation of the partition function, the theory is 
described by a different action and the auxiliary field reflects directly the collective nature 
of the original field. However, once an original field disappears from the partition function, 
one loses a contact with the original field. 
In the present paper it will be shown how to extract an information about the original 
field such as a classical value of the field, the Green's function, etc. after an auxiliary field 
takes place of the original one. The crucial idea is to add an external field to the original 
action which couples itself with the field. Even if the field disappears from the action, the 
external field can be exploited to collect informations about the original field. The extrac-
tion of informations is aided by the effective action frequently used in the field theory.2) In 
the present paper one considers not only the classical field but also the Green's function. 
Therefore, two kinds of external fields are introduced, one for the field and one for a com-
posite field. 3) In constructing the effective action the Legendre transformation will be used 
to go from the external fields to the conjugate field and propagator. 
The model partition function is given by') 
(1) 
where 1jJ and ¢ are fields, and D1jJ and D¢ are the path integral measures. The action is 
given by 
where the repeated numbers should be summed over spin, space and 
time(imaginary), ~ is the one particle energy, V12 the potential energy, 
(2) 
(3) 
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(4) 
For convenience external fields are introduced in the action in Eq.(1), 
Acxt = J(l )¢(1 )+~¢(1 )K(l, 2)¢(2)+'l)+ (1 )L(I, 2)W(2) (5) 
where 'IT is a spinor defined by 
(6) 
Then, the partition function is now 
Z [J, K; L] - e-W[J,K;L] 
(7) 
= N I D'ljJ+ D'ljJD¢ exp [- (A + Aext)] 
where N is the normalization factor and W is the generating functional. The effective action 
r is obtained through the Legendre transformation from W[J, K; L] .2),3) The simpler case 
of L = 0 will be treated first. 
2. Special case (L=O) 
The field 'ljJ can be integrated out in Eq.(7) so that the partition function is now 
Z [J, K; 0] e-WP,K;O] 
= N I D¢ exp (-Aeff [¢]) 
where the effective action is 
with 
Acff [¢l = ~¢(1 )V- I 12¢(2) - tr In ( GOI - ia3¢) +J (1)¢(1) 
+~¢(I)K(I, 2)¢(2) 
(8) 
(9) 
(10) 
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and a3 the Pauli matrix. For convenience one writes 
W[J, K] = W[J, K; 0]. (11 ) 
Then, the classical field ¢c and the propagator D are, respectively, deduced from 
8W[ J, k] = ¢ ( ) 
8J(1) c 1 (12) 
and 
8W[J, K] 1 
8K[1, 2] = 2 [¢c(1)¢c(2) + D(l, 2)]. (13) 
The Legendre transformation is applied to these equations in order to change variables 
from the external fields to the classical field ¢c and the propagator D, 
r [¢c, D] = W[J, K] - ¢c(l)J(l) 
-~ [¢c(1)¢c(2) + D(l, 2)] K(2, 1) 
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where r is the effective action. This action satisfies due to Eqs.(13) and (12), 
8r [¢c, D] ( () () 8¢c(1) = -J 1) - K 1,2 ¢c 2 
and 
8r [¢c, D] = -~K( ) 
8D(1, 2) 2 1,2. 
In the following the effective action will be determined within one loop order. 
3. One loop 
In the lowest order the classical field ¢o is obtained from 
J(l) + tr (G01 - ia3¢o) -1 ia3 + K(l, 2)¢o(2) = O. 
Then, the generating functional becomes 
(14) 
(15) 
(16) 
(17) 
-tr In (GOl - ia3¢O) 
1 1 
+2¢o(1)K(1, 2)¢o(2) + 2tr In [1 + v( -II + K)] 
(18) 
where II (1, 2) is a scalar in the spin space, 
(19) 
The effective action is simply the Legendre transformation of this W [J, K] , 
r [¢e, D] = W[J, K] - ¢e(l)J(l) 
-~ (,Pc(I),Pc(2) + D(I, 2) )K(2, 1). (20) 
In this formula the right hand side must be expressed only in terms of ¢e and D. In order to 
find the relationship between the external fields, and ¢e and D one remembers 
and 
oW OWl o¢o(2) 
8J(1) = 8¢o(2) 8J(1) + ¢o(l) 
oW 
oK(1,2) 
where W l is the one loop contribution to the generating functional, 
1 WdJ, K] = -tr In [1 + v( -TI + K)]. 
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The equation (21) implies 
(21) 
(22) 
(23) 
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CPo (1) = CPc (1) - CPl (1) (24) 
where the one loop correction to CPo is 
(25) 
Furthermore, Eq.(22) means 
£5 WI £5c/Jo(3) ( ) 
D ( 1, 2) = 2 £5 CPo ( 3) £5 K ( 1, 2) CPl (1) CPo ( 2 ) + CPo ( 1) CPl ( 2 ) 
+ [1 + v (-IT + K)]-112. 
(26) 
From Eqs.(23) and (17) an elaborate calculation}) leads to 
1 
r[cp, D] = 2CP(1)v- 112CP(2) - tr In (GOI - ia3 CP) 
1 1 
+-tr In [1 + v( -IT + K)] - -D(l, 2)K(2, 1) 2 2 (27) 
and 
D = [1 + v(-IT + K)]-l. (28) 
Then, K may be eliminated from Eq.(27) owing to Eq.(28), 
(29) 
where 
D - l - -1 - IT o - v . (30) 
Finally, adding a convenient constant term one finds 
(31 ) 
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4. General case (L"* 0) 
The classical fields and two propagators are defined by 
8W[J, K; L] = A. (1) 
8J(1) If/c, (32) 
8W [ J, K; L] 1 ( ) 
8K(1,2) = 2 ¢c(1)¢c(2) + D(l, 2) (33) 
and 
8W[J, K; L] = C( ) 
8L(1,2) 1,2 . (34) 
No classical value is assumed for the original field. The effective action is now defined by 
r[¢, D; C] = W[J, K; L] - ¢(l)J(l) 
- ~ (4)(1)4>(2) + D(l, 2)) K(2, 1) - G(l, 2)L(2, 1). 
(35) 
The effective action has the important property 
8r[¢, D; C] = -L(l 2). 
8C(1,2) , (36) 
Since the part associated with ¢ has already been evaluated one concentrates on the origi-
nal field part. First, the generating functional is 
(37) 
where 
C - l C-l·,J.., L = 0 - Zlf/O(J3 - . (38) 
Hence, this part of the effective action is 
r F = WF[L] - C(l, 2)L(1, 2) 
= -tr In C-l - tr (COl - i¢O(J3) C + tr 1. (39) 
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Together with the result in Eq.(31) this gives finally 
1 
r[¢, D; G] = -¢(1 )V-112¢(2) - tr In G- l 
2 
-tr (GOl - i¢a3) G + tr 1 
The effective action implies the renormalized Green's function, 
and 
5. Conclusions 
(40) 
(41) 
(42) 
It has been shown that the previous method of using collective fields is capable of pro-
viding valuable properties such as propagators of the original field even if the original 
model is described only by the collective fields. The crucial step is to introduce the external 
field which couples itself to composite fields and define the effective action. 
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